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3a 和 3b 两个化合物。通过降低分子的 LUMO 能级及调控分子在单晶中的堆积，
成功实现了首例基于心环烯的 n-型有机场效应晶体管。强吸电子氰基的引入不
仅降低了分子的 LUMO 能级，还通过柱间电子耦合增加了电子传输通道。两个






















































The research work in this dissertation mainly focused on synthesis, 
characterization and applications in semiconductors of novel organic -conjugated 
systems which are derived from corannulene-based derivative—4,9-dibromo-1,2-
corphthalic anhydride. Three kinds of new corannulene-based polycyclic aromatic 
hydrocarbons (PAHs) were developed through rational design and efficient synthetic 
strategies. And then, their semiconducting properties were adjusted and these 
compounds realized their applications in organic electronics. 
In the first part, we introduced imide group with different alkyl chains and 
electron-deficient cyano groups into corannulene to give compounds 3a and 3b. We 
succeeded in achieving the first n-channel OFET based on corannulenes through 
lowering their LUMO levels and packing the molecules densely in single crystals. In 
addition to lowering the LUMO levels, the strong electron-deficient cyano groups also 
increase carrier transport pathways through intercolumnar electron coupling. Both 
molecules showed n-type transport properties with an electron mobility of 0.07 cm2V-
1s-1 for 3a and an electron mobility of 0.04 cm2V-1s-1 for 3b.  
In the second part, we designed and synthesized two three-dimensional molecules 
ICor-2NI and ICor-2PI deriving from 4,9-dibromo-1,2-corphthalic anhydride. These 
two compounds showed low LUMO levels of -3.49 eV for ICor-2NI and -3.47 eV for 
ICor-2PI due to the introduction of electron-deficient imide groups. Bulk-
heterojunction solar cells were fabricated using P3HT as donors and ICor-2NI or ICor-
2PI as the non-fullerene small-molecule acceptors. The devices achieved power 
conversion efficiency (PCE) values of 0.49% and 0.47%, respectively, which indicated 
that corannulene derivatives with three-dimensional structures through rational design 
have the potential to be good performance non-fullerene acceptors. 
In the third part, corannulene-based stable neutral diradicals ICor-

















Through a comprehensive study including optical spectroscopic techniques, NMR, 
EPR and DFT calculations, we have demonstrated that ICor-2Phenoxyl˙˙ exists with a 
relatively small singlet–triplet energy gap (ES-T=0.345 kcal/mol, 0.015 eV). With 
small ES-T, it is easy for ICor-2Phenoxyl˙˙ to be excited from singlet state to triplet 
state at room temperature. Large area delocalization of spin density from phenoxyl 
radicals into electron-withdrawing -scaffolds contributes to the stability of ICor-
2Phenoxyl˙˙ and might offer an entry into a new class of functional materials based on 
open-shell organic curve structures. 
In summary, the thesis focused on the derivatization of 4,9-dibromo-1,2-
corphthalic anhydride, and a series of novel organic semiconducting materials have 
been developed. Our research work rich the corannulene chemistry system and pushed 
forward the application of corannulene in organic electronics. 
 
Keywords: organic semiconducting materials, corannulene, n-type organic field-effect 



































20 世纪 70 年代科学家们发现聚乙炔在一定的条件下通过掺杂，其导电率可




有伟大发现的 Alan J. Heeger、Alan MacDiarmid 和 Hideki Shirakawa 三位科学家
[3]。此后，该领域更是蓬勃发展，诸多有机半导体器件被开发出来，包括：有机
发光二极管(Organic Light-Emitting Diodes, OLEDs)，有机场效应晶体管(Organic 







































能带理论，在有机半导体分子中的最高占据分子轨道(Highest Occupied Molecular 
Orbital, HOMO)与最低未被占据分子轨道(Lowest Unoccupied Molecular Orbital, 
LUMO)分别相当于无机半导体分子中的价带 (Valence Band, VB)与导带
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